Paddy rice was sampled from El-Sharkia, El-Gharbia, El-Dakahlia and Kafr ElSheikh governorates, Egypt. Of the 29 samples taken, ten were contaminated with the mycotoxin citrinin. An average of 6.79 x 10 4 fungal spores per gram rice was found. The isolated fungi represented 47 species belong to 28 genera. The predominant genera were Aspergillus, Cladosporium and Penicillium. Aspergilli were represented by 22 species; Aspergillus niger and A. flavus had the highest occurrence. Penicillium viridicatum produced the highest amount of citrinin on glucose ammonium nitrate salts broth and rice grains and hence, this isolate was selected as a good producer of citrinin in this study. The presence of Trichoderma hamatum reduced the amount of citrinin produced by P. viridicatum compared with its respective control. The excessive growth of T. hamatum on P. viridicatum was increased with time. Viability of P. viridicatum conidia decreased by T. hamatum with an increase in the incubation period. Chitinases and 1,3-B-glucanase enzyme activity of T. hamatum increased with extending the incubation period on P. viridicatum cell walls up to maximum values at 72 and 84 h, respectively. T. hamatum led to a decrease in the production of citrinin by P. viridicatum on rice grains compared with the respective control values.
INTRODUCTION
Mycotoxins affect up to 25 per cent of the world food crops. They cause significant economic losses in agriculture; some are carcinogens and teratogens. They may be transmitted to man in meat and milk Rice is also one of the important cereals, which favors mycotoxin production. Natural occurrence of aflatoxin and aflatoxin producing fungi in rice has been reported from various parts of the world (Bhat et al 1978) . Rice stored for prolonged periods i.e. 4-8 years has also been reported to be contaminated with aflatoxin B in various parts of India (Bilgrami et al 1980) . Presence of some other mycotoxins like citrinin, sterigmatocystin and ochratoxin has been detected as natural contaminants of rice in different regions of the world. Citrinin has been found as a natural mycotoxin contaminant of rice grains (Yoshizawa, 1991) and mouldy fruits and fruit products (Martins et al 2002). Spontaneous citrinin mycotoxicosis causes a dieresis that is manifested as watery fecal droppings and reductions in weight gain. At necropsy, lesions involve chiefly the kidney. Citrinin acts directly on the kidney to transiently alter several tubular transport processes, induces renal dysfunction, and it is tumorigenic This work was aimed at evaluating the natural occurrence of citrinin in rice and its association with the fungal flora in Egypt. Additionally, biocontrol of citrinin production on rice was studied using Trichoderma hamatum.
MATERIAL AND METHODS
Sample collection: Samples (Sinha, 2001) of available different varieties in commercial markets of Egyptian paddy rice (Oryza sativa L.) were obtained from different Governorates in Egypt (ElSharkia, El-Dakahlia, Kafr El-Sheikh and El-Gharbia). They were collected in sterile cellophane bags at 2 ˚C until analyzed on the same day of collection.
Determination of moisture content:
Triplicates of each sample were ground in a blender and a weighed portion of this flour was dried in an oven for 24 h at 105 ˚C, then cooled in a desiccator and reweighed. The moisture content is expressed as percentage of the wet weight.
Enumeration of fungal flora:
The dilution plate method of Raper and Fennell (1965) was employed for isolating fungal flora from rice samples. Czapek's Dox agar medium was used for isolation (Thom and Raper, 1945). Rose bengal (33 µg / ml, w/vol) and streptomycin (30 µg / ml, w/vol) were added as bacteriostatic agents. The plates were incubated at 28 + ˚C for 10 days and the developing fungi were counted and identified to the species level according to keys proposed by Gilman (1957), Raper and Fennell (1965), Barron (1968) , Ellis (1971 and 1976) and Carmichael et al (1980) . The counts were expressed as number per gram dry grains.
General culture conditions for citrinin production by isolated fungi: The above fungal isolates were screened for citrinin production by growing on glucose ammonium nitrate salts broth (Brian et al 1961). Erlenmeyer flasks (250 ml) containing 50 ml culture medium were autoclaved, inoculated with one agar disc (10 mm) of each fungal culture (7 days old), and incubated for 10 days at 30 ˚C under static culture conditions. At the end of the incubation period, the cultures were filtered (Whatman No. 1 filter paper) and filtrates were stored at -5 ˚C until used for citrinin estimation according to Trantham and Wilson (1984).
Citrinin determination:
The extraction and clean up of citrinin were carried out according to Jackson and Ciegler (1978) . Fifty ml of culture filtrate was shaken with an equal volume of chloroform for 30 min. The chloroform layer was separated over a bed of anhydrous sodium sulfate. Clean up was carried out using concentrated HCl and 0.1 M NaH-CO3 (Jackson and Ciegler, 1978).
Biological toxicity tests:
The method described by Hald and Krogh (1973) was used. The tested extracts were dissolved in a freshly prepared solution of pyridine: acetic anhydride (1:1 v/v). The biological confirmatory tests were carried out using two methods: Disc screening method (Harwig and Scott, 1971): Paper discs (7 mm diam) were saturated with 30 ml of clean chloroform extract of citrinin, and the solvent was allowed to evaporate. The paper discs were incubated with two drops (~ 0.1 ml) of suspension of larvae (containing 20 to 40 larvae) of brine shrimp (Artemia salina L.). Trays were incubated at 30 ˚C for ~16 h. Mortality was determined by counting the immobile (dead) larvae under a stereoscopic microscope, killing the larvae with heat or formalin, and then counting the total number. Mortality in controls was determined simultaneously with each screening test. Natural mortality associated with a control disc (soaked in chloroform and allowed to evaporate) averaged 2%. Toxicity was rated as follows: 0-9% mortality, nontoxic; 10-49 % mortality, slightly toxic; 50-89 mortality, toxic; 90-100% mortality, very toxic. 
Efficacy of T. hamatum for controlling citrinin production: In culture flasks:
In a preliminary test to study the efficacy of the antagonistic potential of T. hamatum, Erlenmeyer flasks (250 ml in capacity) containing 50 ml Czapek's Dox broth culture medium (Thom and Raper, 1945) were inoculated with P. viridicatum alone and reinoculated with T. hamatum (P. viridicatum + T. hamatum) at the same time (zero time of incubation). Ten-mm-diam discs of 7-day-old cultures were used for inoculation. The culture media (both P. viridicatum alone and P. viridicatum + T. hamatum) were incubated for 2, 4, 6, 8, 10, 12 and 14 days. At the end of the incubation period (30±2 ˚C, at static state), the cultures were filtered (Whatman No.1 filter paper) and culture filtrates were used for citrinin estimation. Control flasks (without reinoculation with T. hamatum) were used. In Petri dishes: Mycelial disks (5 mm diam) of P. viridicatum were placed on one edge of a Petri dish (9 cm diam) containing 15 ml of Czapek`s Dox agar culture medium (Thom and Raper, 1945) while a mycelial disc (5 mm diam) of T. hamatum was placed on the opposite side of the plate at the same time, zero time of incubation. The plates were incubated for 2, 4, 6, 8,10, 12 and 14 days. At the end of the incubation period (30±2 ˚C), the agar culture media were used for citrinin estimation Efficacy of T. hamatum to degrade the mycotoxin citrinin: Plate assay: Czapek`s Doxagar culture medium (Thom and Raper, 1945), a non-fluorescent medium under ultraviolet (UV) light, was used for the plate assay. One milliliter of citrinin (50 µg / ml in chloroform) was dispensed into Petri dishes, and 15 ml of medium (55 ˚C) was added to each Petri dish and mixed evenly with citrinin solution (pure crystalline citrinin was obtained from Sigma Chemical Co., St. Louis, IL, USA). Lids of Petri dishes were opened partially to enable chloroform vapour to dissipate. After the medium had solidified, plates were pointinoculated with one loopful of spore suspension of T. hamatum (10 6 spore / ml). The plates were incubated at 30±˚C and examined under UV at one-day intervals for up to one week. Plates without inoculation with T. hamatum were used as control. Loss of fluorescence indicated possible detoxification. Test tube assay: One ml of citrinin (50 µg / ml in 0.1 M NaH-CO3) according to Jackson and Ciegler (1978) was added to 9 ml of Czapek`s Dox broth culture medium (Thom and Raper, 1945) inoculated with one loopful of spore suspension of T. hamatum (10 6 spore/ml). Tubes were incubated for 96 h at 30 ± 2°C. At the end of the incubation period, the samples were filtered through Whatman No.1 filter paper and filtrate was extracted three times with chloroform, after which the extract used for citrinin estimation fluorometrically. Tubes without inoculation with T. hamatum were used as control. Recovery of citrinin (%) = a x 100 / b, where a = amount of citrinin (µg / ml) detected in treated test tube after 0, 2, 4, 6, 8 and 10 days of incubation with T. hamatum; b = amount of citrinin (50 µg / ml in 0.1 M NaHCO3) in the test tube after 0, 2, 4, 6, 8 and 10 days of incubation without T. hamatum.
Overgrowth of P. viridicatum by T. hamatum in dual culture test:
A mycelial disc (5mm diam) of P. viridicatum was placed on one edge of a Petri dish (9 cm diam) containing Czapek`s Dox agar culture medium (Thom and Raper, 1945), while a mycelial disc of T. hamatum was placed on the opposite side of the plate. After the desired incubation time (72, 96, 120 h after inoculation), the overgrowth of T. hamatum on the mycelial disc of P. viridicatum and its developed growth was determined (by ocellar and light microscope) and expressed as mm growth of T. hamatum on P. viridicatum according to Sivan and Chet (1989). Survival of P. viridicatum as affected by T. hamatum: Survival of mycelium of P. viridicatum was determined after exposure to conidia of T. hamatum. Mycelial disks (5 mm diam) were removed from a 72-h-old culture of P. viridicatum on water agar (20 g / 1L distilled H2O). Disks were soaked for 30 sec in a conidial suspension of T. hamatum (10 6 conidia / ml) and incubated in Petri dishes, each containing four layers of Whatman No.1 filter paper. Mycelial disks treated with autoclaved distilled H2O and incubated as described above served as control. After the desired incubation time, mycelial disks of P. viridicatum were transferred to PRYES medium (yeast extract sucrose agar plus 100 µg/ml pentachloronitrobenzene and 25 µg/ml rose bengal), which is suitable for P. viridicatum (Frisvad, 1986) . One mg methyl1-(butylcarbamoyl) -2-benzimidazolecarbamate (benomyl) / l was added to inhibit growth of T. hamatum (Elad and Chet, 1983). The results were expressed as the percentage of mycelial disks from where the test fungus (P. viridicatum) grew.
Preparation of hyphal cell walls of P. viridicatum: Cell wall preparations were obtained from P. viridicatum after culture at 27 ˚C for 5 days in liquid potato dextrose broth medium in a rotary shaker at 120 rpm. After incubation, the hyphal cell walls were prepared according to Sivan and Chet (1989). The precipitated walls were then deep-frozen, lyophilized, and kept as powder in a sealed container until used.
Induction of extracellular lytic enzymes (1,3-β -glucanase and chitinase) by T. hamatum
Erlenmeyer flasks (250 ml), each containing 50 ml liquid culture of glucose ammonium nitrate salt broth medium (Brian et al 1961), were inoculated with 1.0 ml of conidial suspension (5 x 10 7 conidia / ml) of T. hamatum. The glucose in liquid culture medium was substituted with fungal (P. viridicatum) cell wall preparation (2 mg/ml). Cultures were incubated at 28°C in a rotary shaker at 120 rpm for the desired time, and then centrifuged at 15,000-x g at 4°C for 10 min. The supernatant was dialyzed against water at 4°C for 24 h to eliminate residual glucose or N-acetyl-D-glucose amine. The dialysate was used as crude enzyme (1,3-β -glucanase and chitinase) source. Such enzymes were assayed according to the following methods: (a) 1,3-β -glucanase: 1,3-β -glucanase (exo-1, 3-β-D-glucosidase, EC 3.2.1. 58) was assayed by the release of free glucose from laminarin using the glucose oxidase reagent according to Elad et al (1982) . The reaction mixture containing 1.0 ml crude enzyme source, 1.0 ml of 0.1 M citrate buffer (pH 5.1) and 1.6 mg soluble laminarin, was incubated at 38 ˚C for 1 h. The reaction was stopped by placing the mixture in boiling water bath for 10 min. Specific activity was expressed as µmol glucose /h /mg protein. Storage experiment: Conidia of T. hamatum were harvested from cultures grown on potato dextrose agar medium by scraping the conidia from the agar surfaces with a spatula and suspending them in 0.05% Tween 20 (v/v). The suspension was filtered through four layers of sterile lens paper to remove hyphal debris. The conidial suspension was adjusted to 5 x 10 6 conidia / ml and 0.5 ml of this suspension was used to coat 50 g of rice grains (cv. `Giza-176', obtained from the Agriculture Research Center, Giza, Egypt). The coated grains were immediately dried by warm ventilation. A storage experiment was carried out in paper pouches (150 x 100 mm), each containing 50 g rice grains. The rice grains were inoculated by discs (10 mm diam) of a 7-day-old culture of P. viridicatum (one disc per pouch). The samples (rice grain without any treatment [control] , rice grains with P. viridicatum alone, rice grains with both P. viridicatum and T. hamatum, and rice grains with T. hamatum alone) were stored at room temperature (25±3°C) for 6 months. Control samples were used for each treatment.
RESULTS AND DISCUSSION
In the present work, 29 rice samples were analyzed. Ten of the twenty nine samples were found to be contaminated with citrinin (Table, 1 Moisture content of rice samples ranged between 1.2% and 5.2% , and in the majority of samples was ≤ 3%.
the level of contamination of apple samples with citrinin was 3.9%. The rice grains are subject to attack by numerous citrinin-producing species of the genera Aspergillus and Penicillium (Frisvad and Damson, 1991). In the present work, citrinin levels in the contaminated rice samples were not serious, hence the LD50 of citrinin has been reported as about 50 mg/kg for oral administration to the rat, 35-58 mg/kg to the mouse and 19 mg/kg to the rabbit. However, it decomposed after heating in water at 140ºC and produced citrinin H2 (3-(3,5-dihydroxy-2-methylphenyl)-2-formyloxy-butane). Citrinin H2 did not show significant cytotoxicity to hela cells up to a concentration of 200 µg/ml (% cytotoxicity: 39%) in 63 h of incubation, but citrinin showed severe toxicity at a concentration of 25 µg/ml (% cytotoxicity: 73%) (Hirota et al 2002).
Total fungal count (Table, 2) was 6.79 x 10 4 viable conidia or spores per gram rice. Table ( 
1999). Hubert et al (2004)
reported that toxigenic and allergen-producing fungi represent a serious hazard to human food and animal feed safety. They isolated ninety-four fungal species from miteinfested samples of seeds taken from Czech seed stores. Fungi were isolated from the surface of four kinds of seeds (wheat, poppy, lettuce, and mustard). The isolated fungi were screened for their production of citrinin to select the most productive (data not presented). The most productive one was P. viridicatum, which was selected in this study as a good model for seedborne pathogenproduced citrinin. Citrinin (extracted from culture medium of P. viridicatum) was confirmed chemically (it shows sky blue fluorescence with a similar intensity under 366 and 254 nm UV light). Also, a disc screening test shows citrinin slightly toxic against brine shrimp larvae, producing 40% mortality. Moreover, inhibition of growth of Bacillus brevis growth (results not shown) confirmed (in addition to a chemical confirmatory test) the presence of citrinin in the cleaned chloroform extract of culture media of P. viridicatum. These findings demonstrated the production of citrinin by our model, P. viridicatum, as shown elsewhere (Oh et al 1998) . Table ( 3) shows that the production of citrinin by P. viridicatum (in single culture without T. hamatum) increased with lengthening of the incubation period until it reached a maximum after 8 days in both liquid broth and agar plates, then the amounts were reduced by an increased incubation period. However, the amounts of citrinin produced by P. viridicatum, in mixed culture with T. hamatum, decreased with longer incubation periods until citrinin disappeared after 8 days of incubation, indicating an antagonistic potential of T. hamatum against citrinin production by P. viridicatum or degradation ability of T. hamatum. Trichoderma spp. is considered effective biocontrol agents (Elad et al 1982 (Sriram et al 2000) . On the other hand, Table (4) shows that the amount of citrinin was non-significantly reduced in the presence of T. hamatum with longer incubation periods, indicating that T. hamatum cannot degrade citrinin. Consequently, we studied another alternative mechanism used here, mycoparasitism by means of production of cell-walldegrading enzymes (chitinase and 1,3-Bglucanase). Trichoderma spp. have different mechanisms, such as antibiosis, competition, mycoparasitism and promotion of plant growth (Ghisalber and Sivasithamparam, 1991). Rocha-Ramírez et al (2002) found that the soil fungus Trichoderma atroviride, a mycoparasite, responds to a number of external stimuli. In the presence of a fungal host, T. atroviride produces hydrolytic enzymes and coils around the host hyphae. In response to light or nutrient depletion, asexual sporulation is induced. The overgrowth of T. hamatum on P. viridicatum was significantly enhanced with an extended incubation period on agar plates, being 26.0, 31.7 and 3.87 mm after incubation for 72, 96 and 120 h, respectively. Similar results were obtained when T. harzianum T-203, the mycoparasite of R. solani and S. rolfsii, served as the antagonist (Sivan and Chet, 1989). Dual 2002) . Table ( 5) shows that incubation of P. viridicatum discs with T. hamatum conidia (10 6 conidia / ml) caused significant and highly significant decreases, respectively, in the viability of P. viridicatum discs after 2 and 6 days, and no viability at all after 8 days of incubation. (Tables 5  and 6 ) confirmed the mycoparasitic potential of our biocontrol agent, T. hamatum, and its ability to degrade cell walls of seed borne P. viridicatum. Table 7 shows that T. hamatum reduced the amount of citrinin by P. viridicatum on rice grains (mixed cultures). Such a decrease in citrinin production due to the presence of T. hamatum in mixed culture was directly proportional to the gradual increase of storage periods by 45.50%, 66.38%, 100.30%, 146.80%, 150.00% and 175.63% compared with the respective amounts of rice samples inoculated with P. viridicatum alone at 1, 2, 3, 4, 5 and 6 months, respectively. The decrease in the amount of citrinin on rice grains by T. hamatum (Table, 7) may be due to a drop in the viability of P. viridicatum (Table, 5) , and lysis by cell wall lytic enzymes (Table, 6 ). In this connection, Mishra et al (2000) reported that T. harzianum is known as a mycoparasite of a number of plant pathogens by lysis of fungal cell walls via production of cell wall degrading enzymes. Other biocontrol agents were used against mycotoxins, such as Pichia anomala J 121, which et al 2000) . The ability to protect rice grains against seed borne P. viridicatum and its mycotoxin citrinin by application of T. hamatum producing cell wall lytic enzymes (chitinase and 1,3-B-glucanase) opens up the way for the development of cell wall lytic enzymes as an alternative to direct control of seed borne plant pathogenic fungi and possibly other diseases affecting plant health.
